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ABSTRACT 


Tests  were  conducted  in  the  HASA/ARC  Unitary  Plan  Wind  Tunnels  during 
April  and  May  1975,  on  an  0,030-scale  replica  of  the  Space  Shuttle  Vehicle 
Configuration  2A.  Aerodynamic  loads  data  were  obtained  at  Mach  numbers 

from  0.6  to  3* 5* 


The  Investigation  Included  Tests  IA9A,  B and  C on  the  Inx^^ated 
(launch)  configuration  and  Tests  0A1?A  and  C on  the  isolated  orblter  (ent^ 
configuration).  The  Integrated  vehicle  was  tested  at  angles  of  attock 
sideslip  from  -8  degrees  to  +8  degrees,  ^e  Isolated  orblter  was 
at  angles  of  attack  from  -15  degrees  to  -»^0  degrees  and  angles  of  sideslip 
from  5o  degrees  to  +10  degrees  as  dictated  by  trajectory  conslderaUons. 
The  effects  of  orbiter/extenial  tank  Incidence  angle  and  deflected  control 
surfaces  on  aerodynamic  loads  were  also  investigated. 
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D)  0,  5»  10,  15>  20  Degrees 

BETA 

E)  -4,  0,  4,  8 or  -4,  2,  4,  8 Degrees 
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nraRODucnoN 


®ie  0,030-scale  Aero  Loads  Space  Shuttle  model  was  tested  in  the 
Unitary  Plan  Wind  Tunnels  at  ARO  starting  April  2,  and  continuing  through 
May  17,  1973  as  foUows: 


IA9A  U-foot  Transonic 

0A12A  U-foot  Transonic 

IA9C  8x7-foot  Supersonic 

0A12C  8x7-foot  Supersonic 

IA9B  9x7-foot  Supersonic 


April  2 to  April  l4,  1973 
April  16  to  April  29,  1973 
April  23  to  Mhy  1,  1973 
May  2 to  May  8,  1973 
May  9 to  May  17,  1973 


The  testing  was  conducted  In  all  three  legs  of  the  Unltas^y  Plan 
Tunnels  to  obtain  a Mach  number  range  from  0.6  to  3»5»  Aerod^amlc  loads 
data  were  obtained  for  the  ascent  and  entry  configurations,  Bie  effects 
of  control  surface  deflections  were  easo  Investigated. 


This  rep<»t  consists  of  3 volumes  of  force  data  and  15  volumes  of 
pressure  data  for  a total  of  I8  volumes  arranged  In  the  following  manner: 


VOIIIME  HO. 


COMJEMTS 


1 

2 

3 

k 

5 

6 

7 


8 


9 


10 


IA9A  force  data 
IA9B  and  IA9C  force  data 
0A12A  and  0A12C  force  data 
IA9A  plotted  pressure  data 
IA9B  and  IA9C  plotted  pressure  data 
0A12A  and  QA12C  plotted  pressure  data 
IA9A  tabulated  pressure  data 
(a,)  orblter  fuselage 
(bi  orblter  base 


upper  MPS  nozzle 
:A9A  tabulated  pressure  data 
faj  OMS  nozzle 
fb)  body  flap 

[c)  Cl®  pod  outside 

(d)  lower  wing  surface 
:A9A  tabulated  pressure  data 

fa)  upper  wing  surface 
(b)  left  vertical  tall  surface 
right  vertical  tall  surface 
APU  Inlet 
8BM  booster  base 
(V9A  tabulated  pressure  data 
' ‘ 8RM  booster 
external  tank 
external  tank  base 
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INTRODUCTION  (CONTINUED) 


U 


12 


13 


Ik 


15 


16 


IA9B  tabulated  pressure  data 
orbiter  fuselage 
orblter  base 
upper  MPS  nozzle 
CMS  nozzle 
body  flap 
CMS  pod  outside 
lower  wing  surface 
IA9B  tabulated  pressure  data 
upper  wing  surface 
left  vertical  tall  surface 
right  vertical  tall  surface 
AHJ  Inlet 
SRM  booster  base 
SRM  booster 
external  tank 
external  tank  base 
IA9C  tabulated  pressvire  data 
[a)  orblter  fuselage 
arbiter  base 
upper  MPS  nozzle 
CMS  nozzle 
body  flap 
CMS  pod  outside 
IA9C  tabulated  pressure  data 
(a)  lower  wing  surface 
hS  upper  wing  surface 
c)  left  vertical  tall  surface 
|d)  rl^t  vertical  tall  surface 
IA9C  tabulated  pressure  data 
[a)  AHJ  inlet 
>1  SRM  booster  base 
SRM  booster 
external  tank 
external  tank  base 
OAl^  tabulated  pressure  data 


i 

d 


(e 


a 

b 

ll 

e 

(f 


orblter  fuselage 
orbiter  base 
upper  MPS  nozzle 
CMS  nozzle 
body  flap 
QMS  pod  outside 
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irfwom^mori  (roNrii-nFj') 


1/  OAl  A iabul’it,*-!  j r<  .r< 

(a)  lov'T  ’-tfu  -urr'i  ‘ 

(b)  uf|,cr  "It'r  wrf'»  * 

(cj  Itft  vertl«'*l  tHil  .rf'u* 
i<i)  rirht  vertli  'il  t*ill  ,rtnc- 
(e)  AR  Inl*  I 

I-  OAl  C tabul'itcd  irv.  lut' 

All  oocaror.ents 


NOM®CL\TimE 

Oenoroi 


fADiJAC 

CTfMBOL 

DETIMITiOIl 

♦ 

cpoed  of  aound;  m/aeo,  I't/aec 

'4 

n 

precsure  coefficient;  (pj^  - p«b)/<1 

M 

Much  number;  V/a 

r 

proacure;  N/®^> 

i 

.,(K34» 

■,(PSF1 

lynaAic  pressure;  W/m'%  psf 

RK'I 

w;'L 

unit  Reynolds  number;  per  m,  per  ft 

• 

velocity;  m/sec,  ft/aec 

o 

ALPHA 

angle  of  it  tack,  dejgreec 

0 

BETA 

ungle  of  aidealip,  degrees 

pj: 

ingle  of  ytiv,  degrees 

PHI 

yngle  of  roll,  degrees 

P 

macs  density;  kg/m^,  oluga/ft^ 

Ruferer.ee  & C.u.  Definitions  , 

k\ 

base  area;  fV- 

t 

BHEF 

wing  span  or  reference  span;  m,  ft 

center  of  gravity 

C 

LSEF 

reference  length  or  ving  mean 
aerodynamic  chord;  m,  ft 

opn* 

wing  area  or  reference  area;  m , ft 

MRP 

moment  reference  point 

}Q<RF 

moment  reference  point  on  X axis 

yhrp 

moment  reference  point  on  Y axis 

J®P 

moment  reference  point  on  Z axis 

.va^/Kirr 

2' 

I toee 

I locol 

otatic  conditions 
t total  conditions 

« free  stream 

no 

C^L. 


NOMEHCIiAlWRE  (Continued) 
Body-Axia  System 


SYMBOL 

SADSAC 

SYMBOL 

DEPmnoN 

CN 

normal-force  coefficient;  normal^force 

Ca 

CA 

axial-force  coefficient;  - 

qS 

Cy 

Cl 

side-force  coefficient;  ^ 

% 

CAB 

base-force  coefficient;  base  force 

qS 

"A^(Pb  " P«o)/<lS 

^Af 

CAF 

forebody  axial  force  coefficient, 

Cm 

cm 

pitching-moment  coefficient;  pitching^m^nt 

CYW 

yawing-moment  coefficient;  yoving^oment 

H 

CBL 

rolling-woment  coefficient; 

stability- Axis  System 

Cl 

CL 

lift  coefficient; 

qS  ^ 

Cd 

CD 

drag  coefficient; 

qb 

% 

CDB 

base-drag  coefficient; 

CUf 

CDF 

forebody  drag  coefficient;  C^  • Cjy^ 

Cy 

CY 

side •force  coefficient;  side  force 

qb 

Cm 

cm 

pitching-moment  coefficlenb;  2— — 

cm 

yawing-motnent  coefficient,  5!1 

H 

CSL 

rolling-moment  coefficient,  

l/d 

l/d 

llft-to-drag  ratio;  Cj/Cp 

L/Df 

i/df 

lift  to  forebody  drag  ratio;  C|/Cp^ 
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NOMENCLATURE  (CONTINUED) 

ADDITIONS  TO  STANDARD  LIST 

SmBOL 

PLOT 

SISMBQL 

DEFINITION 

RUDDER 

rudder,  surface  deflection  angle,  positive 
deflection,  trailing  edge  to  the  left;  degrees. 

6e 

ELEVON 

elevon,  surface  deflection  angle,  positive 
deflection,  trailing  edge  down;  degrees. 

ipp 

RUDELR 

rudder  flare,  split  rudder  deflection  angle,  left 
split  rudder  trailing  edge  left  and  right  split 
rudder  trailing  edge  right,  + ^rr)/^» 

positive  deflection;  degrees. 

ORBINC 

incidence  angle  between  the  orbiter  and  external 
tank,  1q  a - o^;  degrees. 

BE!EAT 

angle  of  sideslip  of  external  tank. 

Otq, 

ALPHAT 

angle  of  attack  of  external  tank. 

h 

LB 

length  of  (arbiter  body;  in. 

in 

LT 

length  of  external  tank;  in. 

is 

LS 

length  of  SBM  booster;  in. 

Im 

L»d 

length  of  CMS  nozzle,  positive  direction  forward 
of  exit  plane;  in. 

Im 

LHP 

length  of  MPS  nozzle,  positive  direction  forward 
of  exit  plane;  in. 

b/2 

m 

wing  setni-span;  in. 

by 

BV 

vertical  tall  spen;  in. 

X 

X 

distance  from  component  nose;  in. 

V 

Y 

lateral  distance  from  centerline;  in. 

NCMENCIATORE  (CONCLUDED) 


SmBOL 

Z 

PLOT 

smBOL 

Z 

DEFINITION 

vertical  distance  measured  from  W.L.  500  (vertical 
tail  reference  root  chord);  in. 

CW 

local  wing  chord;  in. 

Cy 

CV 

local  vertical  tail  chord;  in. 

x/lb 

longitudinal  position/orbiter  body  length. 

x/lt 

longitudinal  position/external  tank  length. 

X/I5 

longitudinal  position/booster  length. 

^//UM 

x/lhm 

longitudinal  position/C»«S  nozzle  length. 

x/ijsp 

x/lnp 

longitudinal  position/MPS  nozzle  length. 

x/<v 

x/cw 

local  chordwise  position/local  wing  chord  length. 

x/cv 

local  chordwise  position/local  vertical  tail 
chord  length. 

y/b/2 

y/bn 

local  spanwise  position/wing  semi -span. 

z/by 

z/m 

local  spanwise  position/vertical  tail  span. 

COMPIGUEA'CIONS  IHVESTIGATED 


OSie  0.030-scale  aero  loads  model  was  a replica  of  the  Space  Shuttle 
Vehicle  2A.  It  consisted  of  four  major  components:  the  orbiter,  the 

external  oxygen  and  hydrogen  tank  (EC)  and  two  solid  rocket  boosters  (SRB). 

On  the  ascent  configuration,  the  orblter  was  strut  mounted  from  the 
EC  on  a Task  Corporation  MK  XVI  2.5-lnch  diameter  Internal  balance.  The 
left  SRB  was  strut  mounted  from  the  ED  on  a Task  Corporation  MK  3Q5II  1.5~ 
inch  diameter  inten»l  balance.  Ho  attempt  was  made  to  simulate  actual 
inter-attachments.  The  EC  was  sting  mounted  to  the  tunnel  model  support 
system  on  a Task  Corporation  4.0-indti  diameter  Inteamal  balance.  The 
right  aiB  was  strut  mounted  symetrically  to  the  left  side,  but  did  not 
contain  a balance.  The  orbiter  configuration,  designated  as  02A> 
sisted  of  ^oC5DtW87V5R5M3F4. 

The  entity  configuration  consisted  of  the  Isolated  orblter,  sting 
mounted  to  the  tunnel  model  support  system  on  a Task  Corporation  MK  XXA 
2. 5 “inch  diameter  intemal  balance.  Midway  throu^  the  0A12C  test,  the 
MK  XXA  balance  was  damaged  and  was  replaced  by  the  MK  XXB  for  the  high 
angles  of  attack.  The  orbiter  was  provided  with  deflectable  elevens  by 
means  of  interchangeable  brackets,  deflectable  rudder  by  means  of  a pin- 
indexed  hinge,  and  interchangeable  rudders  to  obtain  different  speed 
brake  flare  angles.  The  main  propulsion  system  engines  were  removed  dur- 
ing entry  configuration  testing  to  provide  sting  clearance.  A cover 
plate  was  provided  for  the  strut  clearance  hole. 

The  orbiter  was  Instrumented  with  37^  pressure  orifices  on  the  left 
wing,  left  side  of  the  fuselage,  vertical  tall,  left  C»4S  pod  and  engine, 
left  and  upper  MPS  engine  and  the  base.  The  pressures  were  measured 
using  eleven  Scanivalve,  Inc.,  S-type  valve  modules  mounted  Internally 
(a  five  and  a six  gang  unit).  When  tested  in  the  entry  configuration, 
the  MPS  pressures  were  not  available  for  measurement. 

The  left  side  of  the  ED  was  Instrumented  with  I36  pressure  orifices. 
These  pressures  were  measured  by  means  of  T Scanivalve,  Inc.,  S-type 
valve  modules  configured  as  one  unit  of  6 modules  and  one  single.  These 
valves  were  mounted  internally  in  the  tank.  The  left  SRB  had  one  gang 
of  six  S-type  modules  to  measure  102  pressures.  The  right  SRB  was  not 
Instrumented.  The  pressure  transducers  used  in  the  valve  modules  were 
Statham  B1  131  TC  differential  pressure  transducers,  with  ranges  of  ±10 
paid,  ±12.5  psid  and  ±L5  psld.  Reference  and  calibration  pressures  were 
measured  by  the  ARC  micro  manometers. 


Some  mo'^lfl cations  were  made  to  the  model  at  the  test  site  prior  to 
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CONFIGURATIONS  INVESTIGATED  (CONTINUED) 


r 


testing.  These  were  as  follows: 


1.  The  forward  tip  of  the  ET  containing  the  retro  rocket  package 
(Reference  NR  Drawing  VL78-000018)  was  replaced  with  a flush 

0.90  inch  radius  nose  (Model  scale).  Tie  new  nose  had  five 
pressure  taps;  one  in  the  nose  and  four  more  aft  of  the  nose 
on  the  vertical  and  horizontal  eixis  on  a 0.315  inch  radius. 


2.  Tie  ET  balance  cavity  was  enlarged  by  one  inch  on  the  diameter 
(from  5 inches  to  6 inches)  to  provide  clearance  for  cable 
routing  and  eliminate  balance  interference. 

3.  The  clearances  around  both  the  orbiter  and  the  SRB  r.truts  were 
opened  to  approximately  I/8  inch  to  prevent  Interference. 

4.  An  alternate  rudder  hinge  pin  was  provided  to  give  a rudder 
deflection  of  +15  degrees. 

Before  euid  during  the  tests  various  model  discrepancies  developed 
or  were  discovered.  These  were  generally  minor  and  had  only  a negligible, 
if  any,  effect  on  the  data.  Significant  discrepancies  are  noted  below: 

1.  Pressure  orifices  PI7I  and  P173  on  the  OMS  pod  base  were 
omitted. 


2.  During  the  test  certain  pressure  taps  developed  leaks  or 
became  plugged.  Data  from  these  taps  are  questionable  and 
should  be  used  with  caution.  Difficulties  in  checking  may 
ha'\re  resulted  in  erroneous  Indications  of  leakage.  Repairs 
were  made  to  correct  leaking  or  plugged  pressure  instrumenta* 
tion,  whenever  possible,  as  the  test  progressed.  The  follow* 
ing  list  gives  those  taps  that  were  indicated  as  bad  on  the 
various  leak  and  response  checks: 


ARC  Facility 

Run  Nos. 

Orifice  numbers  with  questionable  pressure 
data 

1 

i 

1 

H‘ 

2-4 

72,  163,  427 

5-118 

31,  100,  123,  163,  201,  427 

i 

r 

119-160 

16,  98,  101,  107,  333,  ^27 

161-170 

16,  98,  101,  107,  333,  ^27  + 306,  307, 
327,  328,  336,  337,  356,  357,  375 

27 


f 

I 

I 


TEST  FACILITIES  DESCRIPTION 


Ames  11  X 11-Ft.  Ti*ansonic 

The  Ames  11  x 11 -Foot  Transonic  Wind  Tunnel  is  a nreiriable  density, 
closed  return,  continuous  flow  type.  This  tuimel  has  an  adjustable 
nozzle  (two  flexible  walls)  and  a slotted  test  section  to  permit 
transonic  testing  over  a Mach  number  range  continuously  -triable 
from  0.4  to  1.4. 

Ames  8 X T-Ft.  Supersonic 

®ie  Ames  8 x 7-Foot  Supersonic  Wind  Tunnel  is  a closed-return, 
variable-density  tunnel  with  a 8-  by  7-foot  rectangular  test 
section.  The  nozzle  has  flexible  side  walls  with  fixed  upper  and 
lower  surfaces.  Mach  number  range  is  continuously  variable  fr<xn 
2.4-5  to  3.5.  Tunnel  stagnation  pressure  can  be  varied  from  0*3  ^ 
2.0  atmospheres  and  Reynolds  number  per  foot  varies  from  1.0  x 10° 
to  5.0  X 106. 

Ames  9 X 7-Ft.  Supersonic 

The  Ames  9 x 7-Foot  Supersonic  Wind  Tunnel  is  a variable  density, 
continuous  flow  type  with  an  adjustable  nozzle  to  permit  supersonic 
testing  over  a Jfeich  number  range  continuously  variable  from  1.5  to 
2.5.  The  nozzle  is  of  the  asymmetric,  sliding-block  t^^pe  in  which 
the  variation  of  the  test  section  Mach  number  is  achieved  by  trans- 
lating, in  the  strearawise  direction,  the  fixed-contour  block  that 
forms  the  floor  of  the  nozzle. 
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MTA  REDUCTION 


Standard  procedures  were  utilized  to  reduce  force  and  pressure  data 
to  coefficient  form.  The  following  dimensional  constants  were  applied: 


Reference  Dimensions  and  Constants 
(Model  Scale ) 

SRef . » 2.421  ft^ 

jjbef.  » 39.849  in. 

Base  Areas  (Model  Scale) 

Aboi  » 0.1903 


AbOA 

= 0.2362 

AbMPSU 

» 0.041T 

AbMPSL 

= 0.0853 

AbACPS 

= 0.0310 

AbQMS 

=.  0.0231 

AbPOD 

= 0.0257 

Aco 

= 0.0611 

AbNOZ 

= 0.0564 

AbSKIRT 

= 0.1729 

AbETI 

= 0.3189 

AcET 

« 0.1964 

Orblter  reference  area 
Orbiter  reference  length 

Orbiter  base  area.  Integrated 
Orblter  base  area,  sting  mounted 
Orbiter  upper  MPS  base  area 
Orbiter  lower  MPS  base  area 
Orbiter  ACPS  base  area  on  Cf©  pod 
Orbiter  CMS  nozzle  base  area 
Orblter  CMS  pod  base  area 
Orbiter  sting  cavity  base  area 
SRM  nozzle  base  area 
SRM  nozzle  skirt  base  area 
ET  Base  area 

ET  Sting  cavity  base  area 
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DATA  SET/RUN  NUMBER  COLLATION  SUMMARY 


TEST  RUN  NUMBERS 
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AMES  11-70T  (0A12A)  | SET/RUN  NUMBER  COLLATION  SUMMARY 
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TEST  RUN  NUMBERS 
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TABLE  III.  MODEL  COMPOHEMT  DIMEN3I0HAL  DATA 


MODEL  COMPONENT:  BIO  Boc 


GENERAL  DESCRIPTION 


j Fuselage,  2A  Conflgviration,  Ll^twl^t  Orbiter,  per 


Lines  VL70-000089  "B. 


Seale  Model  **  .030 


DRAWING  NUMBER: 


VL70-000089  "B« 
VL70-000092,  93>  94  "A" 


DIMENSIONS: 


FULL-SCALE 


MODEL  SCALE 


Length^^Uj 

Max,  Width  ^in  (e^  « 1528.3) 
Max.  Depth  (®Xq  “ 1480.52) 

Fineness  Ratio 

Area^Pb^ 

Max.  Cross-Sectional 

Planfom 

Wetted 

- Base  * ■ 


5.012 


456.4 


7.4400 

5.012 


.ao76 


♦ • 
e * r 


I 
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MODEL  COMPONENT: 


•EABtB  HI . ( COTOMUED  j[ .. 


CENERAL  DESCRIPTION: 


Configuration  per  Lines  VL70~000092 


todel  ° .030 


DRAWING  NUMBER: 


DIMENSIONS: 


FULL-SCALE 


MOOa  SCALE 


Length  (sxa  FMD  Bulkhead) 
Hex.  Width  (t.s.  BoUdiead) 

Max.  Depth  (WP  - 42.9  22  to 
Fineness  Ratio 


11.730 

16.B00 


Max*  Cross-Sectional 

Planfom 

Wetted 

■ 1 Base  •••  '•  ••/*-*••• 

..  ..y  4*  1 

* \ ..  ‘ V • ' .t- .... . • ' 


TABLE  III.  (COMTIRUED)- 


MODEL  COMPONENT:  Manipulator  Housing  I>»7 


GENERAL  DESCRIPTION:  2A  Configuration  per  Rockwall  Linee  YL70-000093 


Seala  Model  • .030 


DRAWING  NUMBER: 


¥L7(M)60093 


DIMENSIONS; 


FULL-SCALE 


MODEL  SCALE 


Length — IN. 

Max.  Wtdth^lH. 

Max.  Depth  ^IN. 

Fineness  Ratio 
Area 

# 

Max*  Cross-Sectional 
Planform 
Wetted 

n liaelage  \ . . BP  • 0.00  • r 

**.  WP  - 500.0  W.  PS 

X.426.0  to  1307.0  W.  PS 


881.00 

51.00 

23.00 


26.430 


1.530 


.690 
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.TABIiEIII.  (CONTINtJED) 

MDDEL  WING-We?  Walaht  Orblter — 

GENERAL  »g<^PTPTTfiM.  Configuration  Per  Unea  VL70-000093: 


t.  the  loway  gurface  of  the  Vttng  at  the  7?«j33^ 


ndleula 


TEST  NO, 

DIMENSIONS: 

TOTAL  DATA  . 9 

Area  ITheo,)  Ft 
Planfonn 
Span  (Theo  In, 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  degrees 
Incidence  Angle,  degrees 
Aerodynamic  Twist,  degrees 
Sweep  Back  Angles,  degrees 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords: 

Root  (Theo)  B.P.0.0. 

Tip,  (Theo)  B.P.  1,6834 
MAC 

Fus,  Sta,  of  .25  MAC 
W.P.  of  .25  MAC 

B.L,  of  .25  MAC  • 

EXPOSED  DAp  2 

'"in.  BP108  to  468.341 

Aspect  Ratio 
Taper  Ratio 
Chords 

Root  BPIOB 
Tip  1.00  b 

Fus.  Sta,  of  ,25  MAC 
W.P,  of  .25  MAC 

Airfoil ’section 

Rootb  • .425 
2 

Tip  b • 1.00 

2 

Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  o 
Planform  Area  Ft  ^ 

Leading  Edge  Intersects  Fus  M.  L,  O Sta 
Leading  Edge  Intersects  Wing  0 Sta 


DWG.  MO-  VL70-000093_ 


FULL-SCALE 


...l.SQQQ — 

■ 3.QQQ 

^.50Q 

..ASJa 

~iQ-24._ 
689.24 

uazxfis — 

LIL.SL  _ 
•»^^6.89^ 

, - 

1752.29 

•"720.6B"" 


393.03 


1035. 0_ 


MODEL  SCALE 


28.10040 

2.265 

,1022 

Q.2000  ■ 



«±U22 

•^3.000 

— 

■10.^ 


>.00621 

,.31280 


TABLE  III.  (COmUUED) 


model  COMPONENT:  J^gvon  ErlS- 


6ENERAL  DESCRIPTION:  .,?ft  rnnf1gurnt.1nn  Pnr  W-fl7  HnrKwnn  T.inftfi  VT'  70-000093 


nRAWlNG  NUMBER: 


YT,  7n-noQQQ3^ 


niMENSIONSl 

Area^Ft^ 

Span  (e<iu*.valent)./N-IN. 

Inb'd  equivalent  chord 

Outb'd  equivalent  chord 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

At  Outb'd  equiv.  chord 

Sweep  Back  Angles,  degrees 

Leading  Edge 

Tailing  Edge 

Hingellne 

Area  Moment  (Normal  to  hinge  line)  Ft3 
Product  of  Area  Moment 


♦ 208 


♦LOO 


JLSSL 




1SA8.07 


FULL-SCALE 

MODEL  SCALE 

20S.S2 

-18A97  _ 

353.34 

10.60020 

m.78 

- 

55.00 

1.65QQ 

JiQQ. 


JLQQ. 


Q.OQ. 


.oaeo 
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TABLE  III,  (CONTINUED) 

MODEL  COMPONENT!  VERTICAL  «»  V5  (Ught  Weight  Orbit er  Configuration) 

GENERAL  DESCRIPTION:  Centerline  Vertical  Tall.  Double  Wedge  Airfoil  with  Rounded 

Leading  Edge 


Seale  Model  » .030 


DRAWING  NUMBER:  VL70-000095 

DIMENSIONS:  FULL-SCALE  MODEL  SCALE 


TOTAL  DATA 

Area  (Theo) 

Planform 
Span  (Theo)  In 
Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep  Back  Angles*  degrees 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords: 

Root  (Theo)  WP 
Tip  (Theo)  WP 
MAC 

Fus.  Sta.  of  .25  MAC 
W.  P.  of  .25  MAC 
B.  L.  of  .25  MAC 
Airfoil  Section 

Leading  Wedge  Angle  Deg 
Trailing  Wedge  Angle  Deg 
Leading  Edge  Radius  IN. 
Void  Area  Ft^ 

Blanketed  Area 


U3.25  .37192 


315.72 

1.675 

0.507 


.000 
26.2L9 
i.1.130 

268.50 
108.47 
1^9. ^1 


^♦50 
«5:?22 
0.00 


1.675 

0i^02 

JiOk 

45:000 

26.249 

41.120 

8.05500 

5.99430 

19.065^6 

0.00 


10.000  10.000 

14.920  14,920 

2.00  .06 

13.17  .01185 

12.67  .01140 
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TABLE  III.  (continued) 


MODEL  COMPONENT:  R-5  Rudder 

GENERAL  DESCRIPTION:  ZA  Conflwratlon  per  RoclowU  Un«8  VL  7°-P9°S22. 


Scale.  Model  » .030 


nRAMlNG  NUMBER:  VL  70-0Q00^ 


DIMENSIONS: 

Area  Pt^ 

Span  (equivalent) 

Inb'd  equivalent  chord 

Outb'd  equivalent  chord 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

At  Outb'd  equiv.  chord 


FULL-SCALE 

»10 

vi.sasL- 

50.833  _ 


O.AfiS- 

SLM)Q- 


Sweep  Back  Angles,  degrees 


Leading  Edge 
Tailing  Edge 
Hingeline 

Area  Moment  (Normal  to  hinge  line)p^Ft3 
Product  of  Area  and  Mean  Chord 


sai,.!! 


MODEL  SCALE 

0057L 

^ Q3Q 

-24to— 

1.52k99-- 


Q.AQfl- 

■fl.AOQ  ■ 

34.11- 

-0^21 


1 
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table  III.,  (COinJIlIUED) 

HODEL  COMPONENT:  QMS  Ped  -M3 __L— 

i ♦ 

'general  DESCRIPTION:  2A  Light  Weight  Configuration  per  RcckweU  Lings 

VL7Q-00009AA — 


5V>Ala  Mfxiel  » .030  ■ 

DRAWING  NUMBER:  VL70-600094A. 


DIMENSIONS: 


FULL-SCALE 


Length 

Max.  Width  - 1450.0 
Max*  Depth  X©  “ 1500.0 

Fineness  Ratio 
Area 

4 

Max*  Cross-Sectional 

Planfonn 

Wetted 


C of  (ifs  ^ 

WP  - 463.9  IN.  FS  WP  400  + 63.9  » 463.9 
BP  - eo.o  IN.  FS 

Length  1214.0  to  I56O.0'  » 346.0  IN.  FS 


24^.0-. 

loe.o 

113.0  ' 


MODEL  SCALE 

10.380 

3.2L0 

3.390  _ 


51 


I 


TABLE  HI.  (continued) 


DRAWING  NUMBER: 
DIMENSIONS: 


Length 
Max.  Width 
Max.  Depth 
Fineness  Ratio 
Area 

Max.  Cross-Sectional 

Planform 

Wetted 

- Base  ^2  -r  . 


MODEL  SCALE 

2.5U 

7.950 


TABLE  III.  (CONTIIJUED) 

MODEL  DIMENSIONAL  DATA 


MODEL  COMPONENT  ^ S^«Booster  Solid  Rbcket  Motor — 

general  description  : 2A  Conn<iur.tlon  RoeteeU  UneB  VL77-00001g 

& VL72-OOOO6I 

Body  of  Revolution;  Data  for  (l)  of  (2)  Sldes^ 
bcftlo  Model  ® *030 

DRAWING  NUMBER  : . ^ T7>0000^ 


DIMENSIONS  : 


Length  -IN. 

Max  Width  (DIA)  IN.  BSBM  Tank 
Max  Depth  (DIA)  Aft  Skirt 

Fineness  Ratio  l/D 
Area  - Pt^ 

Mox.  Cross-Seetionol  (Aft 

Skirt) 

Planform 

Wetted 

Bose 


FULL  SCALE 

MODEL  SCALE 

17^2.0 

51.96 

i42.0  . 

4.260 

259.0 

T»77  __ 

6.^87 

6.687 

365i&r 

.32928 

Ref. 


PS  (Orbiter)  « 0.00  = 7^7.99  IN.  ET  = 200.0  IN.  BSRM 
WP  (BSRM)  = WP  Uoo( Orbiter)  - “ 55* 587  IN. 

BP  ( Orbiter)  0.00  « 243.0  IN.  BSRM 
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Table  IV.  Continuea. 
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d.  External  Tank 
Table  TV.  Continued 
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Figure  1.  - Axis  Systems 
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isolated  arbiter  (Entry  Configuration)  Mounted  in  the  ARC  8x7  Ft.  Tunnel 

Figure  3.  - Concluded. 
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